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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an evaporator a portion of which is 
operated in a falling liquid film heat transfer method and another portion of 
which is operated in an immersion heat transfer method at the time of a stable 
operation of a refrigerating system, by a method wherein the liquid level of a 
refrigerant in an outer shell is held at a level which makes a specified 
percentage of horizontal tubes immersed in the liquefied refrigerant. 

SOLUTION: A refrigerant which flows into an evaporator 50 through an inlet 
74 by way of an inlet conduit 78 passes through a distribution system 80 which 
is made of a plurality of nozzles 82 disposed horizontally above the uppermost 
positioned tubes of a second group of tubes 72. In a stable operating 
condition, a closed loop of a refrigerating flow in a system 10 is formed such 
that the liquid level 51 of a liquefied refrigerant in the outer shell 52 is 
positioned at a level where at least 25 percent of a plurality of horizontal 
heat transfer tubes located close to the lower end of the shell is immersed in 
the refrigerant. Accordingly, the evaporator 50 is operated such that the 
tubes which are disposed at the lower side portion of the evaporator are 
operated in an immersion heat transfer method while the tubes which are not 
immersed in the liquefied refrigerant are operated in a falling liquid film 
heat transfer method. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It has a compressor, a capacitor, an expander, and an evaporator, respectively. Are a steamy 
compression cooling system for cooling a liquid, and the closed loop of a refrigerant flow to link these 
compressors, a capacitor, an expander, and an evaporator to a serial, and for a refrigerant circulate through them 
is formed. It has the external shell which said evaporator has upper limit and a lower limit, and is equipped with 
a refrigerant inlet port and a refrigerant outlet. It has a level heat transfer tube substantially [ plurality ] which 
was held in said external shell. Said some of tubes [ at least ] adjoin the upper limit of said shell, and said some 
of tubes [ at least ] adjoin the lower limit of said shell. Said tube It is formed so that the liquid cooled may flow 
the inside of the tube. Said evaporator It has further a means to distribute a refrigerant on said heat transfer tube 
adjoined and prepared in said upper limit of said external shell in response to the refrigerant which flows into 
said external shell through said refrigerant inlet port. The closed loop of said refrigerant flow is a system by 
which it is characterized by designing said at least 25% of level tube so that the liquid level of the liquefied 
refrigerant in said external shell may be held at the liquid level to which it floods with a liquefied refrigerant at 
the time of operational stability of said cooling system. 

[Claim 2] The closed loop of said refrigerant flow is the system of claim 1 characterized by being designed so 
that the flow rate of the refrigerant which flows said means to distribute may not become larger than the full 
flow of the refrigerant which flows from said refrigerant inlet port to said refrigerant outlet further. 
[Claim 3] Said level tube which is not dipped in a liquefied refrigerant is the system of claim 1 characterized by 
operating by the flowing-down liquid membrane heat transfer method at the time of operational stability of said 
cooling system. 

[Claim 4] It is the system of claim 1 characterized by dipping said about 50% of level tube in the liquefied 
refrigerant preferably at the time of operational stability of said cooling system. 

[Claim 5] Said part of the heat transfer tube which said part of the heat transfer tube which adjoins the upper 
limit of said shell is a capacitor type heat transfer tube, and adjoins the lower limit of said shell is the system of 
claim 3 characterized by being a reentrant cavity type heat transfer tube. 

[Claim 6] Said part of the heat transfer tube contiguous to said part of the heat transfer tube which adjoins the 
upper limit of said shell, and the lower limit of said shell is the system of claim 3 characterized by being a tube 
same type. 

[Claim 7] As for said evaporator, said liquid which should be cooled forms two paths, the 1st path and the 2nd 
path, through said external shell. At the 1st path which passes along the 1st group of said level heat transfer tube 
contiguous to said lower limit of said shell For said liquid, said liquid is the system of claim 1 to which it is 
characterized by temperature falling to low outlet temperature from said intermediate temperature in the 2nd 
path which passes along the 2nd group of said level heat transfer tube who temperature falls from the 
temperature of an inlet port to middle temperature, and is allotted on said 1st group of a tube. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the system for cooling a fluid. Especially this invention relates 
to the steamy compression cooling system for cooling liquids, such as water which has the section where the 
evaporator of a system operates by the filled-liquid method, and the section which operates by the falling-film- 
evaporator method. 
[0002] 

[Description of the Prior Art] The steamy compression cooling system for cooling the water usually called 
"chiller (cooling system)" is widely used for the application of air-conditioning. Such a system usually has a big 
cooling capacity more than 350kW (lOOt), and it is used in order to air-condition the large-sized structures, such 
as an office building, a large-sized store, and a ship. In the general application which adopts a chiller, the 
cooling water flow closed loop which circulates water to many air / hydrothermal exchangers which were 
allotted to the space which should be cooled from the evaporator of a chiller is contained in a system. 
[0003] As another application of a chiller, the process cooling system of the liquid in the application on industry 
is mentioned. Drawing 1 shows the general array of the conventional typical chiller 10. a chiller 10 ~ setting — 
a refrigerant ~ a compressor 12 to the capacitor 14, an expander 16, and an evaporator 18 - and the closed loop 
which returns from there to a compressor^ is flowed. In a capacitor J 4, a refrigerant is cooled by moving heat 
to the liquid which flows by the refrigerant and heat exchange relation. This fluid is a cooling fluid which is 
water generally supplied from the source of supply 20. In an evaporator 18, the water from the loop formation 
roughly shown with the sign 22 flows by heat exchange relation"td~a~refrigerant, and is cooled by moving heat 
to a refrigerant. 

[0004] Generally the evaporators of a chiller are shell and a tube type heat exchanger, i.e., tubular type heat 
exchanger. Tubular type heat exchanger is equipped with the external shell to which two or more tubes 
generally called a bundle were dedicated. Liquids which should be cooled, such as water, flow a bundle. The 
energy which ebullition takes is obtained from the water which flows between tubes as heat. Cooling water will 
be used for the liquid cooling process for air-conditioning if heat is taken. Therefore, it becomes the key 
objective of a design of a chiller to optimize the heat exchange performed within evaporator shell. 
[0005] Generally, the effectiveness of a field and the liquefied matter is higher than the effectiveness of a field 
and the same gas matter. For this reason, in order to perform effective and effective heat transfer, while the 
chiller is operating, it is important for the condition of it having been covered or having soaked in the liquefied 
refrigerant to hold the tube in a chiller evaporator. Most conventional chiller evaporators attain the purpose 
which holds a tube in the condition of having wetted wet, by the approach learned as "filled-liquid mode" 
during actuation of an evaporator. 

[0006] In this filled-liquid mode, liquid level of the liquefied refrigerant in evaporator shell is made high 
enough so that all tubes may come below the liquid level of a liquefied refrigerant. Drawing 2 shows roughly 
the chiller 24 with which all tubes are operating in the state of filled-liquid [ which is located downward ] from 
the refrigerant liquid level 28. Although all tubes are certainly soaked by actuation of the chiller in a filled- 
liquid condition, this needs comparatively a lot of refrigerants with a mass chiller especially. Although it is not 
so important when the cost of a refrigerant is low, the amount of the refrigerant needed as cost increases serves 



as a big cost factor. This also affects a sustaining cost and the costs of exchange over the life of not only the 
front end cost at the time of being filled up with a refrigerant required for a chiller but a chiller. 
[0007] Recently, the refrigerant new as a thing which replaces a chlorination refrigerant (chlorinated 
refrigerant) is introduced for the use in such a chiller. Also understanding is not already used for a chlorination 
refrigerant decreasing an atmospheric ozone layer extremely. Such a new refrigerant becomes in the thing twist 
before substituting and is expensive. Reducing the amount of a refrigerant required as a result to be filled up 
with the system of a chiller helps to fill the needs of manufacturing not only big costs reduction but a more 
environment-friendly product. 

[0008] Using what is known as a "falling-film-evaporator" evaporator as one approach of reducing the costs 
concerning a refrigerant is mentioned. The concept of a falling-film-evaporator evaporator being what heat 
transfer of a refrigerant and the external surface of a tube depends mainly on the convection current and 
conduction, and suitable heat transfer are premised on being obtained by continuing and supplying liquid 
membrane to the outer surface of a tube only by dipping a tube in the pool of a liquefied refrigerant. Therefore, 
by dipping in a liquefied refrigerant, by adopting a means to distribute the flow of a liquefied refrigerant to a 
tube, the amount of the refrigerant used needed for a chiller is decreased, and cost can be reduced rather than 
soaking a tube. 

[0009] The film of a liquefied refrigerant does not need to maintain the front face of a tube at the condition of 
having wetted wet, it is necessary to dip no bundles in a liquefied refrigerant by this, and effective heat transfer 
of an evaporator is secured, the flow, i.e., the flow, of a refrigerant. Such flow is attained by carrying out the 
spray of the liquefied refrigerant to the upper tube in the bundle of an evaporator. And a refrigerant covers an 
upper tube and flows down in a downward tube by the flow of gravity. For this reason, such a heat exchanger is 
called the "falling-film-evaporator" evaporator, flow with the liquefied refrigerant sufficient so that that it is 
very important in a falling-film-evaporator evaporator may not leave the tube which all the refrigerants 
evaporate in the upper one and is not damp in the lower one covering a bundle - it is - thereby - heat transfer - 
- a bad influence --****** — it is that there are nothings. 

[0010] In case a liquid soaks a front face, the surface tension of a liquid is mentioned as one factor which does a 
bad influence. Generally, as surface tension is low, the inclination for a liquid to soak a front face becomes 
stronger. For example, water has comparatively high surface tension and, therefore, is comparatively inferior as 
a wetting agent. There are some which have the surface tension of 30 dynes or less per cm in 26.6 very low 
surface tension, i.e., Fahrenheit, and have the wetting power which was therefore excellent in the refrigerant 
currently used widely. As such a refrigerant, R-134A, R-410A, R-407C, R-404, R-123, etc. are mentioned. 
[001 1] In the falling-film-evaporator evaporator, when the amount of the refrigerant distributed to a tube 
especially when the refrigerant which has comparatively high surface tension is used was equal to the total flow 
of the refrigerant which flows an evaporator, it turned out that heat transfer sufficient at acceptable cost is not 
obtained. A recycle ratio is used in order to measure the distribution refrigerant flow rate to the total flow which 
flows an evaporator. When these flow rates are equal, it can be said that a recycle ratio is equal to 1. Since 
sufficient liquefied refrigerant flow is produced to the whole tube in a falling-film-evaporator evaporator, the 
technique of forming the mechanical pump for recycling a refrigerant within evaporator shell is known as the 
well-known approach from the former. 

[0012] Drawing 3 illustrates roughly the evaporator 30 of the falling film evaporator in the chiller system 32. 
The refrigerant which flows from an expander 16 as compared with the filled liquid system evaporator shown in 
drawing 2 goes into the evaporator shell 36 via a supply line 35, and flows to the distributor which is arranged 
on the topmost part of a tube 40 and which was usually known as the spray deck 38. The recycling circuit which 
has a recirculation pump 42 pulls out a liquid cryogen from the pars basilaris ossis occipitalis of evaporator 
shell via Rhine 44, and sends it to a supply line 35 via Rhine 46. A refrigerant is again distributed through the 
spray deck 38 by the supply line. Thus, a recycling system secures sufficient flow which flows the spray deck 
38, and keeps a tube certain in the condition of having wetted wet. 
[0013] 

[Problem(s) to be Solved by the Invention] It is maintained at the condition that all the tubes were damp after 
the liquid level 48 of the pool of the liquefied refrigerant in an evaporator had become the bottom of the lowest 
tube in a bundle, in such a flowing-down liquid membrane evaporation system. In order to make it certainly 



damp [ all the tubes of a bundle ], it is made for the rate of a recycle ratio (ratio of the flow rate of the spray 
deck and the total flow which flows an evaporator) to be set to about 10 to 1 . Since an evaporator can operate 
effectively, without flooding a tube, the amount of a refrigerant required to be filled up with such a system 
decreases fairly compared with the system which has the evaporator which operates in the state of filled-liquid. 
However, the additional costs of a recycling system, especially a pump may negate the part of the cost reduction 
by having decreased the amount of a refrigerant. 

[0014] As a clear difficulty by needing a pump, the increment in costs, low dependability, and a high sustaining 
cost are mentioned. Things very important although it is not so clear are the increment in subordinate power 
consumption, and aggravation of the net materials use (net materials utilization) in the chiller which needs a 
recirculation pump. When a pump is used so that perfect wetting may be especially secured in a falling-film- 
evaporator evaporator, subordinate power consumption causes about 1 to 2% of increment, and this is 
considered to be a remarkable increment in the commercial scene of today's high efficiency chiller, and it is a 
positive fault from a viewpoint of global warming. [ in the power consumption of a chiller ] 
[0015] The purpose of this invention is offering the chiller system which has the evaporator to which a part's 
operates by the flowing-down liquid membrane method, and a part's operates by the filled-liquid method. 
[0016] Another purpose of this invention is operating the evaporator which combined the falling film 
evaporator and the filled liquid system without the recycling system. 

[0017] Still more nearly another purpose of this invention is operating the 2 way type evaporator which has the 
1st path which operates by the filled liquid system, and the 2nd path which operates by the falling film 
evaporator. 

[0018] The heat transfer tube in the 1st path of still more nearly another purpose of this invention is a reentrant 
cavity type heat transfer tube, and the heat transfer tube in the 2nd path is offering the 2 way type evaporator for 
chiller systems which is a capacitor type heat transfer tube. 

[0019] Still more nearly another purpose of this invention is [ in / are the 2 way type evaporator which has the 
1st path which operates by the filled-liquid method, and the 2nd path which operates by the falling film 
evaporator, and / both methods ] offering the 2 way type evaporator which performs heat transfer with the 
optimal single tube type. 
[0020] 

[Means for Solving the Problem] The purpose of these and other this inventions is attained by the steamy 
compression cooling system for cooling the liquid containing a compressor, a capacitor, an expander, and an 
evaporator. The compressor, the capacitor, the expander, and the evaporator form the closed loop of a 
refrigerant flow to link to a serial and for a refrigerant circulate. The evaporator of a system contains the 
external shell which has upper limit, a lower limit, a refrigerant inlet port, and an outlet, respectively. An 
evaporator contains further two or more almost level heat transfer tubes held in external shell. Some heat 
transfer tubes [ at least ] adjoin the upper limit of shell, and some tubes [ at least ] adjoin the lower limit of shell, 
shell. The tube is formed so that the liquid cooled may flow these tubes. 

[0021] An evaporator receives the refrigerant which passes external shell via a refrigerant inlet port again, and 
includes a means to distribute a refrigerant to the heat transfer tube adjoined and arranged on the upper limit of 
external shell. The refrigerant flow closed loop of a cooling system is constituted so that it may be held at liquid 
level to which at least 25% of a level tube is flooded with a liquefied refrigerant at the time of operation in the 
condition that the cooling system was stabilized by the liquid level of the refrigerant in external shell. The level 
tube which is not dipped in a liquefied refrigerant operates in flowing-down liquid membrane transfer mode. 
Many do not consist of the total flow of the refrigerant with which the flow rate of the refrigerant which flows a 
distribution means flows from a refrigerant inlet port to a refrigerant outlet in the case of such stable operation. 
[0022] In the desirable example, an evaporator is the thing of the type with which the liquid which should be 
cooled forms two paths via external shell. The 2nd path goes via the 2nd group of a level tube via the 1st group 
of the level heat transfer tube with which the 1st path adjoins the lower limit of shell. 

[0023] Other purposes and advantages of this invention are made clear from the following detailed explanation 
using an attached drawing. In addition, in the attached drawing, the sign identically same to a considerable 
member is attached. 
[0024] 



[Embodiment of the Invention] Drawing 4 shows roughly the chiller 10 which incorporated the flowing-down 
liquid membrane / filled-liquid hybrid evaporator 50 concerning this invention. The closed loop of the 
refrigerant flow of the criterion which a refrigerant flows a capacitor 14, expansion equipment 16, and an 
evaporator 50 from a compressor 12, and returns to a compressor 12 after that is used for a chiller 10. 
[0025] An evaporator 50 contains the external shell 52 which two or more level heat transfer tubes 54 which 
can be set to a bundle penetrate. When drawing 5 is furthermore referred to, in the illustrated example, an 
evaporator is an evaporator of the 2 way type type which has a water can 56 at the end and has the partition 58 
divided into the inlet-port section 60 and the outlet section 62. The inlet-port section 60 opens an inlet port 64 
and the outlet section 62 for free passage to an outlet 66, respectively. The water which flowed into the inlet- 
port section 60 via the inlet port 64 flows to the edge 70 of the opposite side via the 1st tube group 68 which 
adjoins the lower limit of the evaporation shell 50. the 2nd tube group 72 which water reverses a direction here 
and adjoins the upper limit of shell — going - the outlet section 62 of a water can 56 — return and here — an 
outlet - it is discharged from a water can via a conduit 66. According to the request, more partitions are used as 
everyone knows, and shoes are separate, and it is also possible to obtain two or more paths of the water which 
passes along shell 52 by dividing a tube into the group connected mutually. 

[0026] At the time of actuation, a refrigerant mainly flows into the external shell 52 of an evaporator 50 via the 
refrigerant inlet port 74 in the state of a liquid, and mainly flows out of steamy shell via the refrigerant outlet 76 
by the gaseous state. 

[0027] it is shown in both drawing 4 and drawing 5 — as - an inlet port - the refrigerant which flowed into the 
evaporator via the inlet port 74 through the conduit 78 passes along the distribution system 80 arranged so that 
it might lie on the best location of the 2nd group of a tube 72. A distribution system consists of a series of spray 
heads or nozzles 82. all the refrigerants with which a spray head or a nozzle passes along evaporator shell - the 
topmost part of a tube — suitable ~ distribution — or it is allotted on the best location of a tube so that it may be 
sprayed. 

[0028] In an operational stability condition, by restoration of the refrigerant in a system 10, and the design by 
die whole closed loop of a refrigerant flow, the liquid level 51 of the liquefied refrigerant in the external shell 
52 is set up so that at least 25% of the level heat transfer tube near the lower limit of shell (%) may be held in a 
location which is dipped in a liquefied refrigerant. 

[0029] Consequently, in such an operational stability condition, while an evaporator 50 operates by the tube 
arranged on the lower part of the evaporator which operates by the filled-liquid heat transfer method, the tube 
which is not dipped in a liquefied refrigerant operates by the falling-film-evaporator heat transfer method. 
[0030] It is very important to always fully soak all heat transfer tubes in a high performance evaporator, in order 
for the optimal heat transfer to carry out from all tubes. In order to attain this result, the flowing-down liquid 
membrane / filled-liquid evaporator by this invention operate, where 25 to 75% of level heat transfer tube is 
dipped in a liquefied refrigerant at the time of the actuation by which the cooling system was stabilized. In the 
desirable example, a system is designed so that about 50% of heat transfer tube may be dipped in a liquefied 
refrigerant in the condition that the cooling system was stabilized. 

[0031] Although the hybrid type evaporator was shown and described about passage arrangement of the type 
which flows upwards from the bottom, this may be applied to passage arrangement of the type which flows 
from width to width. In such arrangement, the hot water which flowed flows one bundle side, and 
comparatively cold water flows another bundle side. 

[0032] In the still more nearly another desirable example of this invention, an evaporator 50 is the thing of a 
type with which the liquid which should be cooled forms two paths via the external shell 52 and which was 
mentioned above. In this example, the tube group 68 of the 1st or a lower part is common knowledge as what is 
known as a reentrant cavity type heat transfer tube, and demonstrates high performance in a filled liquid system 
evaporator. As an example of a such reentrant cavity type tube, available turbo B 1-3 are commercially 
mentioned from a WORUBERIN tube company (Wolverine Tube Company). In this example, since the 2nd or 
the upper tube group 72 is used for the application of a capacitor, he is the thing of the type generally designed, 
and he is a thing available "spike type capacitor tube" type especially commercially from WORUBERIN Tube 
Company as a turbo CI or a heat transfer tube of C2. 

[0033] By using the heat transfer tube of a type which is different in an upper part and lower part side, a high 



heat transfer coefficient can be attained with both the filled-liquid section of an evaporator, and a flowing-down 
liquid membrane section. However, a final target is optimizing heat transfer in both a flowing-down liquid 
membrane evaporator section and a filled-liquid evaporator section. Tubes do not need to differ. This target is 
implementation-ized by the single tube which can offer the optimal heat transfer by both methods. 
[0034] The advantage of the arrangement explained above is useful especially when used with the 2 way type 
evaporator of the type which flows upwards from the bottom. In order to understand such an advantage 
completely, first, with the typical 2 way type evaporator, the temperature of the water which flows from an inlet 
port 64 is about 54 Fahrenheit, and he should understand that are cooled by 48 degrees from Fahrenheit 47 
[ about ] at the termination 70 of the 1 st path, and it is cooled further and it is cooled to about 44 Fahrenheit in 
case this water flows out of an evaporator at an outlet 66. Therefore, the temperature of the water which passes 
a tube is comparatively high in a lower part or a pool boiling section, and comparatively low in the upper part or 
a flowing-down liquid membrane heat transfer section. 

[0035] The advantage of this example is explained as follows bearing this in mind. A pool boiling multiplier is 
proportional to square [ of wall overheating (deltaTWS) (wall super-heat) defined as a difference between the 
temperature of the wall of a tube, and the saturation temperature of a refrigerant ] mostly. On the contrary, 
flowing-down liquid membrane factor of evaporation is mostly in inverse proportion to the 4 roots of wall 
overheating. Thus, at the 1st path of the evaporator which has the upper passage arrangement from the bottom, 
wall overheating is comparatively high and a nucleate-boiling multiplier becomes high. However, when it 
assumes that a filled liquid system evaporator and a heat transfer tube same type are in the 2nd tube, at the 2nd 
path where overheating of a wall becomes small as the fluid of a tubeside gets cold relatively, a nucleate-boiling 
multiplier has a possibility of decreasing also 3 to 4 times. 

[0036] In a typical high efficiency chiller, the differences of the temperature of the water at the time of water 
going into a heat exchanger and the saturation temperature of a refrigerant are about 12 Fahrenheit, and the 
difference at the time of water coming out of a heat exchanger is the smallness of about 2 times from Fahrenheit 
1 . Therefore, if it goes into the 2nd path and a temperature gradient becomes small, the heat transfer coefficient 
of a falling film evaporator will become higher than a pool boiling multiplier. This is applied especially when 
the suitable heat transfer front face is used for both paths in this example. 

[0037] He can understand that the heat exchanger by this invention operates without a refrigerant recirculation 
pump, can attain a high heat transfer coefficient in both pool boiling and a flowing-down liquid membrane 
evaporation method, and the advantage is acquired by this. 

[0038] As mentioned above, if this invention is summarized, this invention is a steamy compression cooling 
system for specifically cooling a liquid about a chiller with a hybrid falling-film-evaporator evaporator, and it 
has the spray distributor for distributing a liquefied refrigerant to the whole tube in shell and a tube type 
evaporator. The differential pressure within the loop formation of the refrigerant flow which passes an 
evaporator is the single means which makes the flow which passes along a spray distributor. An evaporator 
operates as a hybrid falling-film-evaporator heat exchanger (i.e., a condition [ half-filled-liquid ]). A liquefied 
refrigerant is filled by the lower part part of evaporator shell in order to wet the tube in the direction of under a 
bundle. The tube of the upper one is wet only by the refrigerant spray from a spray distributor. A system 
operates in the condition of having been stabilized and, therefore, at least 25% of the tube in an evaporator 
operates by the filled-liquid heat transfer method. The fill of the refrigerant in a system can be decreased and it 
is not necessary to use a circulation system and a pump for coincidence by this system. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the system for cooling a fluid. Especially this invention relates 
to the steamy compression cooling system for cooling liquids, such as water which has the section where the 
evaporator of a system operates by the filled-liquid method, and the section which operates by the falling-film- 
evaporator method. 
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PRIOR ART 



[Description of the Prior Art] The steamy compression cooling system for cooling the water usually called 
"chiller (cooling system)" is widely used for the application of air-conditioning. Such a system usually has a big 
cooling capacity more than 350k W (lOOt), and it is used in order to air-condition the large-sized structures, such 
as an office building, a large-sized store, and a ship. In the general application which adopts a chiller, the 
cooling water flow closed loop which circulates water to many air / hydrothermal exchangers which were 
allotted to the space which should be cooled from the evaporator of a chiller is contained in a system. 
[0003] As another application of a chiller, the process cooling system of the liquid in the application on industry 
is mentioned. Drawing 1 shows the general array of the conventional typical chiller 10. a chiller 10 - setting — 
a refrigerant — a compressor 12 to the capacitor 14, an expander 16, and an evaporator 18 — and the closed loop 
which returns from there to a compressor 12 is flowed. In a capacitor 14, a refrigerant is cooled by moving heat 
to the liquid which flows by the refrigerant and heat exchange relation. This fluid is a cooling fluid which is 
water generally supplied from the source of supply 20. In an evaporator 18, the water from the loop formation 
roughly shown with the sign 22 flows by heat exchange relation to a refrigerant, and is cooled by moving heat 
to a refrigerant. 

[0004] Generally the evaporators of a chiller are shell and a tube type heat exchanger, i.e., tubular type heat 
exchanger. Tubular type heat exchanger is equipped with the external shell to which two or more tubes 
generally called a bundle were dedicated. Liquids which should be cooled, such as water, flow a bundle. The 
energy which ebullition takes is obtained from the water which flows between tubes as heat. Cooling water will 
be used for the liquid cooling process for air-conditioning if heat is taken. Therefore, it becomes the key 
objective of a design of a chiller to optimize the heat exchange performed within evaporator shell. 
[0005] Generally, the effectiveness of a field and the liquefied matter is higher than the effectiveness of a field 
and the same gas matter. For this reason, in order to perform effective and effective heat transfer, while the 
chiller is operating, it is important for the condition of it having been covered or having soaked in the liquefied 
refrigerant to hold the tube in a chiller evaporator. Most conventional chiller evaporators attain the purpose 
which holds a tube in the condition of having wetted wet, by the approach learned as "filled-liquid mode" 
during actuation of an evaporator. 

[0006] In this filled-liquid mode, liquid level of the liquefied refrigerant in evaporator shell is made high 
enough so that all tubes may come below the liquid level of a liquefied refrigerant. Drawing 2 shows roughly 
the chiller 24 with which all tubes are operating in the state of filled-liquid [ which is located downward ] from 
the refrigerant liquid level 28. Although all tubes are certainly soaked by actuation of the chiller in a filled- 
liquid condition, this needs comparatively a lot of refrigerants with a mass chiller especially. Although it is not 
so important when the cost of a refrigerant is low, the amount of the refrigerant needed as cost increases serves 
as a big cost factor. This also affects a sustaining cost and the costs of exchange over the life of not only the 
front end cost at the time of being filled up with a refrigerant required for a chiller but a chiller. 
[0007] Recently, the refrigerant new as a thing which replaces a chlorination refrigerant (chlorinated 
refrigerant) is introduced for the use in such a chiller. Also understanding is not already used for a chlorination 
refrigerant decreasing an atmospheric ozone layer extremely. Such a new refrigerant becomes in the thing twist 
before substituting and is expensive. Reducing the amount of a refrigerant required as a result to be filled up 
with the system of a chiller helps to fill the needs of manufacturing not only big costs reduction but a more 



environment-friendly product. 

[0008] Using what is known as a "falling-film-evaporator" evaporator as one approach of reducing the costs 
concerning a refrigerant is mentioned. The concept of a falling-film-evaporator evaporator being what heat 
transfer of a refrigerant and the external surface of a tube depends mainly on the convection current and 
conduction, and suitable heat transfer are premised on being obtained by continuing and supplying liquid 
membrane to the outer surface of a tube only by dipping a tube in the pool of a liquefied refrigerant. Therefore, 
by dipping in a liquefied refrigerant, by adopting a means to distribute the flow of a liquefied refrigerant to a 
tube, the amount of the refrigerant used needed for a chiller is decreased, and cost can be reduced rather than 
soaking a tube. 

[0009] The film of a liquefied refrigerant does not need to maintain the front face of a tube at the condition of 
having wetted wet, it is necessary to dip no bundles in a liquefied refrigerant by this, and effective heat transfer 
of an evaporator is secured, the flow, i.e., the flow, of a refrigerant. Such flow is attained by carrying out the 
spray of the liquefied refrigerant to the upper tube in the bundle of an evaporator. And a refrigerant covers an 
upper tube and flows down in a downward tube by the flow of gravity. For this reason, such a heat exchanger is 
called the "falling-film-evaporator" evaporator, flow with the liquefied refrigerant sufficient so that that it is 
very important in a falling-film-evaporator evaporator may not leave the tube which all the refrigerants 
evaporate in the upper one and is not damp in the lower one covering a bundle - it is - thereby - heat transfer - 
- a bad influence --****** — it is that there are nothings. 

[0010] In case a liquid soaks a front face, the surface tension of a liquid is mentioned as one factor which does a 
bad influence. Generally, as surface tension is low, the inclination for a liquid to soak a front face becomes 
stronger. For example, water has comparatively high surface tension and, therefore, is comparatively inferior as 
a wetting agent. There are some which have the surface tension of 30 dynes or less per cm in 26.6 very low 
surface tension, i.e., Fahrenheit, and have the wetting power which was therefore excellent in the refrigerant 
currently used widely. As such a refrigerant, R-134A, R-410A, R-407C, R-404, R-123, etc. are mentioned. 
[001 1] In the falling-film-evaporator evaporator, when the amount of the refrigerant distributed to a tube 
especially when the refrigerant which has comparatively high surface tension is used was equal to the total flow 
of the refrigerant which flows an evaporator, it turned out that heat transfer sufficient at acceptable cost is not 
obtained. A recycle ratio is used in order to measure the distribution refrigerant flow rate to the total flow which 
flows an evaporator. When these flow rates are equal, it can be said that a recycle ratio is equal to 1 . Since 
sufficient liquefied refrigerant flow is produced to the whole tube in a falling-film-evaporator evaporator, the 
technique of forming the mechanical pump for recycling a refrigerant within evaporator shell is known as the 
well-known approach from the former. 

[0012] Drawing 3 illustrates roughly the evaporator 30 of the falling film evaporator in the chiller system 32. 
The refrigerant which flows from an expander 16 as compared with the filled liquid system evaporator shown in 
drawing 2 goes into the evaporator shell 36 via a supply line 35, and flows to the distributor which is arranged 
on the topmost part of a tube 40 and which was usually known as the spray deck 38. The recycling circuit which 
has a recirculation pump 42 pulls out a liquid cryogen from the pars basilaris ossis occipitalis of evaporator 
shell via Rhine 44, and sends it to a supply line 35 via Rhine 46. A refrigerant is again distributed through the 
spray deck 38 by the supply line. Thus, a recycling system secures sufficient flow which flows the spray deck 
38, and keeps a tube certain in the condition of having wetted wet. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] It is maintained at the condition that all the tubes were damp after 
the liquid level 48 of the pool of the liquefied refrigerant in an evaporator had become the bottom of the lowest 
tube in a bundle, in such a flowing-down liquid membrane evaporation system. In order to make it certainly 
damp [ all the tubes of a bundle ], it is made for the rate of a recycle ratio (ratio of the flow rate of the spray 
deck and the total flow which flows an evaporator) to be set to about 10 to 1. Since an evaporator can operate 
effectively, without flooding a tube, the amount of a refrigerant required to be filled up with such a system 
decreases fairly compared with the system which has the evaporator which operates in the state of filled-liquid. 
However, the additional costs of a recycling system, especially a pump may negate the part of the cost reduction 
by having decreased the amount of a refrigerant. 

[0014] As a clear difficulty by needing a pump, the increment in costs, low dependability, and a high sustaining 
cost are mentioned. Things very important although it is not so clear are the increment in subordinate power 
consumption, and aggravation of the net materials use (net materials utilization) in the chiller which needs a 
recirculation pump. When a pump is used so that perfect wetting may be especially secured in a falling-film- 
evaporator evaporator, subordinate power consumption causes about 1 to 2% of increment, and this is 
considered to be a remarkable increment in the commercial scene of today f s high efficiency chiller, and it is a 
positive fault from a viewpoint of global warming. [ in the power consumption of a chiller ] 
[0015] The purpose of this invention is offering the chiller system which has the evaporator to which a part's 
operates by the flowing-down liquid membrane method, and a paifs operates by the filled-liquid method. 
[0016] Another purpose of this invention is operating the evaporator which combined the falling film 
evaporator and the filled liquid system without the recycling system. 

[0017] Still more nearly another purpose of this invention is operating the 2 way type evaporator which has the 
1st path which operates by the filled liquid system, and the 2nd path which operates by the falling film 
evaporator. 

[0018] The heat transfer tube in the 1st path of still more nearly another purpose of this invention is a reentrant 
cavity type heat transfer tube, and the heat transfer tube in the 2nd path is offering the 2 way type evaporator for 
chiller systems which is a capacitor type heat transfer tube. 

[0019] Still more nearly another purpose of this invention is [ in / are the 2 way type evaporator which has the 
1st path which operates by the filled-liquid method, and the 2nd path which operates by the falling film 
evaporator, and / both methods ] offering the 2 way type evaporator which performs heat transfer with the 
optimal single tube type. 
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MEANS 



[Means for Solving the Problem] The purpose of these and other this inventions is attained by the steamy 
compression cooling system for cooling the liquid containing a compressor, a capacitor, an expander, and an 
evaporator. The compressor, the capacitor, the expander, and the evaporator form the closed loop of a 
refrigerant flow to link to a serial and for a refrigerant circulate. The evaporator of a system contains the 
external shell which has upper limit, a lower limit, a refrigerant inlet port, and an outlet, respectively. An 
evaporator contains further two or more almost level heat transfer tubes held in external shell. Some heat 
transfer tubes [ at least ] adjoin the upper limit of shell, and some tubes [ at least ] adjoin the lower limit of shell, 
shell. The tube is formed so that the liquid cooled may flow these tubes. 

[0021] An evaporator receives the refrigerant which passes external shell via a refrigerant inlet port again, and 
includes a means to distribute a refrigerant to the heat transfer tube adjoined and arranged on the upper limit of 
external shell. The refrigerant flow closed loop of a cooling system is constituted so that it may be held at liquid 
level to which at least 25% of a level tube is flooded with a liquefied refrigerant at the time of operation in the 
condition that the cooling system was stabilized by the liquid level of the refrigerant in external shell. The level 
tube which is not dipped in a liquefied refrigerant operates in flowing-down liquid membrane transfer mode. 
Many do not consist of the total flow of the refrigerant with which the flow rate of the refrigerant which flows a 
distribution means flows from a refrigerant inlet port to a refrigerant outlet in the case of such stable operation. 
[0022] In the desirable example, an evaporator is the thing of the type with which the liquid which should be 
cooled forms two paths via external shell. The 2nd path goes via the 2nd group of a level tube via the 1st group 
of the level heat transfer tube with which the 1st path adjoins the lower limit of shell. 

[0023] Other purposes and advantages of this invention are made clear from the following detailed explanation 
using an attached drawing. In addition, in the attached drawing, the sign identically same to a considerable 
member is attached. 
[0024] 

[Embodiment of the Invention] Drawing 4 shows roughly the chiller 10 which incorporated the flowing-down 
liquid membrane / filled-liquid hybrid evaporator 50 concerning this invention. The closed loop of the 
refrigerant flow of the criterion which a refrigerant flows a capacitor 14, expansion equipment 16, and an 
evaporator 50 from a compressor 12, and returns to a compressor 12 after that is used for a chiller 10. 
[0025] An evaporator 50 contains the external shell 52 which two or more level heat transfer tubes 54 which 
can be set to a bundle penetrate. When drawing 5 is furthermore referred to, in the illustrated example, an 
evaporator is an evaporator of the 2 way type type which has a water can 56 at the end and has the partition 58 
divided into the inlet-port section 60 and the outlet section 62. The inlet-port section 60 opens an inlet port 64 
and the outlet section 62 for free passage to an outlet 66, respectively. The water which flowed into the inlet- 
port section 60 via the inlet port 64 flows to the edge 70 of the opposite side via the 1st tube group 68 which 
adjoins the lower limit of the evaporation shell 50. the 2nd tube group 72 which water reverses a direction here 
and adjoins the upper limit of shell « going - the outlet section 62 of a water can 56 - return and here -- an 
outlet — it is discharged from a water can via a conduit 66. According to the request, more partitions are used as 
everyone knows, and shoes are separate, and it is also possible to obtain two or more paths of the water which 
passes along shell 52 by dividing a tube into the group connected mutually. 

[0026] At the time of actuation, a refrigerant mainly flows into the external shell 52 of an evaporator 50 via the 



refrigerant inlet port 74 in the state of a liquid, and mainly flows out of steamy shell via the refrigerant outlet 76 
by the gaseous state. 

[0027] it is shown in both drawing 4 and drawing 5 - as - an inlet port - the refrigerant which flowed into the 
evaporator via the inlet port 74 through the conduit 78 passes along the distribution system 80 arranged so that 
it might lie on the best location of the 2nd group of a tube 72. A distribution system consists of a series of spray 
heads or nozzles 82. all the refrigerants with which a spray head or a nozzle passes along evaporator shell - the 
topmost part of a tube ~ suitable - distribution - or it is allotted on the best location of a tube so that it may be 
sprayed. 

[0028] In an operational stability condition, by restoration of the refrigerant in a system 10, and the design by 
the whole closed loop of a refrigerant flow, the liquid level 5 1 of the liquefied refrigerant in the external shell 
52 is set up so that at least 25% of the level heat transfer tube near the lower limit of shell (%) may be held in a 
location which is dipped in a liquefied refrigerant. 

[0029] Consequently, in such an operational stability condition, while an evaporator 50 operates by the tube 
arranged on the lower part of the evaporator which operates by the filled-liquid heat transfer method, the tube 
which is not dipped in a liquefied refrigerant operates by the falling-film-evaporator heat transfer method. 
[0030] It is very important to always fully soak all heat transfer tubes in a high performance evaporator, in order 
for the optimal heat transfer to carry out from all tubes. In order to attain this result, the flowing-down liquid 
membrane / filled-liquid evaporator by this invention operate, where 25 to 75% of level heat transfer tube is 
dipped in a liquefied refrigerant at the time of the actuation by which the cooling system was stabilized. In the 
desirable example, a system is designed so that about 50% of heat transfer tube may be dipped in a liquefied 
refrigerant in the condition that the cooling system was stabilized. 

[003 1] Although the hybrid type evaporator was shown and described about passage arrangement of the type 
which flows upwards from the bottom, this may be applied to passage arrangement of the type which flows 
from width to width. In such arrangement, the hot water which flowed flows one bundle side, and 
comparatively cold water flows another bundle side. 

[0032] In the still more nearly another desirable example of this invention, an evaporator 50 is the thing of a 
type with which the liquid which should be cooled forms two paths via the external shell 52 and which was 
mentioned above. In this example, the tube group 68 of the 1st or a lower part is common knowledge as what is 
known as a reentrant cavity type heat transfer tube, and demonstrates high performance in a filled liquid system 
evaporator. As an example of a such reentrant cavity type tube, available turbo B 1-3 are commercially 
mentioned from a WORUBERIN tube company (Wolverine Tube Company). In this example, since the 2nd or 
the upper tube group 72 is used for the application of a capacitor, he is the thing of the type generally designed, 
and he is a thing available "spike type capacitor tube" type especially commercially from WORUBERIN Tube 
Company as a turbo CI or a heat transfer tube of C2. 

[0033] By using the heat transfer tube of a type which is different in an upper part and lower part side, a high 
heat transfer coefficient can be attained with both the filled-liquid section of an evaporator, and a flowing-down 
liquid membrane section. However, a final target is optimizing heat transfer in both a flowing-down liquid 
membrane evaporator section and a filled-liquid evaporator section. Tubes do not need to differ. This target is 
implementation-ized by the single tube which can offer the optimal heat transfer by both methods. 
[0034] The advantage of the arrangement explained above is useful especially when used with the 2 way type 
evaporator of the type which flows upwards from the bottom. In order to understand such an advantage 
completely, first, with the typical 2 way type evaporator, the temperature of the water which flows from an inlet 
port 64 is about 54 Fahrenheit, and he should understand that are cooled by 48 degrees from Fahrenheit 47 
[ about ] at the termination 70 of the 1 st path, and it is cooled further and it is cooled to about 44 Fahrenheit in 
case this water flows out of an evaporator at an outlet 66. Therefore, the temperature of the water which passes 
a tube is comparatively high in a lower part or a pool boiling section, and comparatively low in the upper part or 
a flowing-down liquid membrane heat transfer section. 

[0035] The advantage of this example is explained as follows bearing this in mind. A pool boiling multiplier is 
proportional to square [ of wall overheating (deltaTWS) (wall super-heat) defined as a difference between the 
temperature of the wall of a tube, and the saturation temperature of a refrigerant ] mostly. On the contrary, 
flowing-down liquid membrane factor of evaporation is mostly in inverse proportion to the 4 roots of wall 



overheating. Thus, at the 1st path of the evaporator which has the upper passage arrangement from the bottom, 
wall overheating is comparatively high and a nucleate-boiling multiplier becomes high. However, when it 
assumes that a filled liquid system evaporator and a heat transfer tube same type are in the 2nd tube, at the 2nd 
path where overheating of a wall becomes small as the fluid of a tubeside gets cold relatively, a nucleate-boiling 
multiplier has a possibility of decreasing also 3 to 4 times. 

[0036] In a typical high efficiency chiller, the differences of the temperature of the water at the time of water 
going into a heat exchanger and the saturation temperature of a refrigerant are about 12 Fahrenheit, and the 
difference at the time of water coming out of a heat exchanger is the smallness of about 2 times from Fahrenheit 
1 . Therefore, if it goes into the 2nd path and a temperature gradient becomes small, the heat transfer coefficient 
of a falling film evaporator will become higher than a pool boiling multiplier. This is applied especially when 
the suitable heat transfer front face is used for both paths in this example. 

[0037] He can understand that the heat exchanger by this invention operates without a refrigerant recirculation 
pump, can attain a high heat transfer coefficient in both pool boiling and a flowing-down liquid membrane 
evaporation method, and the advantage is acquired by this. 

[0038] As mentioned above, if this invention is summarized, this invention is a steamy compression cooling 
system for specifically cooling a liquid about a chiller with a hybrid falling-film-evaporator evaporator, and it 
has the spray distributor for distributing a liquefied refrigerant to the whole tube in shell and a tube type 
evaporator. The differential pressure within the loop formation of the refrigerant flow which passes an 
evaporator is the single means which makes the flow which passes along a spray distributor. An evaporator 
operates as a hybrid falling-film-evaporator heat exchanger (i.e., a condition [ half-filled-liquid ]). A liquefied 
refrigerant is filled by the lower part part of evaporator shell in order to wet the tube in the direction of under a 
bundle. The tube of the upper one is wet only by the refrigerant spray from a spray distributor. A system 
operates in the condition of having been stabilized and, therefore, at least 25% of the tube in an evaporator 
operates by the filled-liquid heat transfer method. The fill of the refrigerant in a system can be decreased and it 
is not necessary to use a circulation system and a pump for coincidence by this system. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the schematic diagram of the conventional chiller system. 

[Drawing 2] It is the partial schematic diagram of the conventional chiller system which has a filled liquid 
system evaporator. 

[Drawing 3] It is the partial schematic diagram of the conventional chiller system which has a falling-film- 
evaporator evaporator. 

[Drawing 4] It is the schematic diagram of the chiller system which has the flowing-down liquid membrane / 
filled-liquid hybrid evaporator by this invention. 

[Drawing 5] It is the sectional view which the flowing-down liquid membrane / filled-liquid hybrid evaporator 

of the type shown in drawing 4 simplified. 

[Description of Notations] 

10 Chiller 

12 - Compressor 

14 « Capacitor 

16 -- Expansion equipment 

50 - Flowing-down liquid membrane / filled-liquid hybrid evaporator 

52 - External shell 

54 ~ Level heat transfer tube 

56 ~ Water can 

68 — 1st tube group 

74 - Refrigerant inlet port 

76 - Refrigerant outlet 

78 - inlet port ~ a conduit 

80 - Distribution system 
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